Aims/hypothesis Our aim was to evaluate insulin autoantibody (IAA) levels over time in the Diabetes Prevention Trial Type 1 (DPT-1) oral insulin study to determine the effect of oral insulin compared with placebo on IAA levels. Subjects and methods The DPT-1 trial randomised 372 relatives of subjects with type 1 diabetes, positive for IAA and with normal IVGTTs and OGTTs, to oral insulin 7.5 mg daily or placebo. Subjects were followed with IVGTTs, OGTTs and serial IAA measurements. The change in IAA level over time was modelled statistically using mixed model longitudinal data analysis with spatial exponential law for unevenly spaced data. In a separate analysis, subjects were divided into four groups by treatment and diabetes status at the end of the study. IAA levels were compared amongst the groups at randomisation, last sampling and at the maximum level. Results Longitudinal data analysis showed that treatment did not affect levels of IAA over time. After controlling for age, the IAA levels at randomisation and the last visit and the maximum values were different in the four groups. Significantly higher levels were noted in groups that developed diabetes compared with those that did not, with no significant difference by treatment group. Conclusions/interpretation This suggests that IAA levels over time were not influenced by oral insulin in subjects already positive for IAA at the start of treatment.
Introduction
The Diabetes Prevention Trial Type 1 (DPT-1) oral insulin study randomised subjects to oral insulin or placebo. While the oral insulin therapy showed no delay in diabetes, posthoc analysis suggested that in subjects with high insulin autoantibodies (IAA) treatment with oral insulin resulted in a delay in diabetes of approximately 4 years [1] . Therefore, further trials of oral insulin are planned. It is known that s.c. insulin injections induce insulin antibodies [2] . However, the effect of oral insulin on IAA is not known. The oral insulin arm of the DPT-1 provides the ideal cohort in which to evaluate the change in IAA levels in response to treatment with oral insulin.
We hypothesised that subjects who received oral insulin and those who developed diabetes would have higher levels Diabetologia (2007) of IAA compared with the placebo group and those who did not develop diabetes, respectively. To test this hypothesis, we compared IAA levels over time in subjects who received and did not receive insulin and those who developed and did not develop diabetes in the DPT-1 oral insulin study.
Subjects and methods
DPT-1 recruited first-and second-degree relatives of people with type 1 diabetes for a study of the natural history of type 1 diabetes and oral and parenteral insulin diabetes prevention trials. Detailed descriptions of the trials and results have been previously published [1, 3] . Briefly, relatives were screened for islet cell autoantibodies (ICA). Those positive for ICA were tested for IAA, IVGTTs and OGTTs and HLA haplotypes associated with protection from diabetes (HLA DQA*0102, DQB*0602). Subjects positive for ICA and IAA with normal IVGTTs and OGTTs and without the protective HLA haplotype were invited to participate in the oral insulin diabetes prevention study. Subjects were randomised to either oral insulin (7.5 mg daily recombinant human insulin crystals (Eli Lilly, Indianapolis, IN, USA)) or placebo and were followed every 6 months with an OGTT and IAA determination. Data analysed in this report were obtained from the DPT-1 de-identified database release December 2004 (revised October 2005).
IAA assay IAA was measured in a standard RIA incorporating competition with unlabelled insulin. Human 125 I-labelled insulin (20,000 cpm) was incubated with serum for 7 days at 4°C, precipitated with polyethylene glycol and counted in a gamma counter [4] . The activity of radiolabelled insulin was 37 kBq. The cut-off for entry into the study was initially ≥80 nU/ml and was decreased to ≥40 nU/ml [1] . In the 2005 Diabetes Antibody Standardization Program for proficiency testing, this assay with a cut-off point of 40 nU/ml had 46% sensitivity and 96% specificity.
Statistical analysis In this analysis, subjects were divided into four groups: group 1, subjects receiving oral insulin who developed diabetes by the end of the study; group 2, subjects receiving oral insulin who did not develop diabetes by the end of the study; group 3, subjects receiving oral placebo who developed diabetes; and group 4, subjects receiving oral placebo who did not develop diabetes.
Statistical analyses were performed using SAS 9.1 for Windows (SAS, Cary, NC, USA). The groups were compared for demographic characteristics including age at randomisation and diabetes, duration of follow-up, sex and number of IAA measurements. IAA levels at randomisation, the maximum IAA level reached and the last IAA level were evaluated. As the distribution of IAA values is not normal, the levels were logarithmically transformed for analysis ln IAA ¼ ln IAA þ 61 ½ ð Þ . In order to facilitate interpretation of results, the results were back-transformed. Analysis of covariance was performed to compare logarithmically transformed IAA levels at randomisation, the maximum level and the level at the last visit across the four groups adjusting for age. A Tukey-Kramer correction to test for significant differences between groups was employed.
The change in IAA level over time was modelled statistically using mixed model longitudinal data analysis with a spatial exponential low for unevenly spaced data [5] . All available data points from each patient were used for this analysis. Variables entered into the model included treatment (oral insulin or placebo) and duration of observation (study) and an interaction variable between the two. This analysis allows for data collection times to vary among subjects while taking into account the correlation of repeated measurements on each subject. A second model incorporating observations where BMI, GAD65 and ICA512 autoantibody levels were available in addition to the variables in the original model was analysed.
Results
Three hundred and forty subjects were first degree relatives of a person with type 1 diabetes (91%) and 263 (71%) had a confirmed IAA level ≥80 nU/ml. There were no differences in the groups based upon age at randomisation, sex distribution, age at diabetes or number of IAA tests performed. Subjects in group 2 were followed for a longer period of time than subjects in groups 1 and 3 (p=0.002) (Electronic supplementary material [ESM] Table 1) . IAA levels at randomisation and the last visit and the maximum IAA levels are shown in Table 1 . After controlling for age, IAA levels at randomisation differed according to progression to diabetes only in the placebo group (groups 3 and 4). There were no differences in the last and/or maximum IAA levels according to active or placebo treatment in either those who progressed to diabetes (groups 1 and 3) or those who remained nondiabetic (groups 2 and 4). Figure 1 shows all IAA values for each subject divided into groups. IAA levels across the entire range of values throughout the study are seen in all groups.
The mixed model longitudinal analysis showed no significant effect of oral insulin vs placebo over time on IAA level. However, there was a small but statistically significant effect of time on study and results showed that IAA tended to decrease as study time increased. Younger age was associated with a higher IAA level (ESM Table 2 ). Subanalysis of 343 subjects with 1,524 observations including the above variables, BMI, GAD65 and ICA-512 levels was also performed and showed no influence of BMI, GAD65 and ICA-512 on IAA over time but a Fig. 1 IAA levels over time in the DPT-1 oral insulin trial by treatment group and diabetes status. a Oral insulin diabetes (group 1); b oral insulin no diabetes (group 2); c placebo diabetes (group 3); d placebo no diabetes (group 4). Dotted lines represent low (≥40 nU/ml) and high (≥80 nU/ml) cut-offs for positivity significant effect of age at randomisation and time on study on IAA levels. When analysis was limited to subjects with IAA >80 nU/ml, there was no effect of therapy on IAA levels over time. There was no interaction between treatment group and time on study.
Discussion
Our analysis of IAA levels in DPT-1 showed that subjects who eventually developed diabetes had higher baseline and peak IAA levels compared with subjects who had not developed diabetes by the end of the DPT-1 study. However, there was not a significant difference in IAA levels between oral insulin-and placebo-treated subjects in the groups that did not develop diabetes, suggesting that IAA levels were not influenced by treatment with oral insulin at a dose of 7.5 mg daily. Autoantibody level is only one aspect of the autoimmune response. Factors such as IgG subtype [6, 7] , IAA affinity [8, 9] and T cell responses to insulin [10] are also important markers of the immune response to insulin. Therefore, by evaluating only IAA levels we may be missing the immunological effect of oral insulin. Trials of oral insulin in groups at risk of type 1 diabetes are planned. Evaluation of IAA affinity, autoantibody subtype and T cell response to insulin to identify an immunological response will be important components of these trials.
These data have some limitations for generalisation to populations considered for future prevention trials. The assay in this differs from the assay currently used for monitoring insulin autoantibodies, the micro-IAA assay. Subjects who participated in the oral insulin arm of DPT-1 were all positive for IAA at the time of randomisation, making it impossible to assess the effect of oral insulin on IAA for antibody-negative subjects. Additionally, subjects in the DPT-1 cohort are all relatives of subjects with type 1 diabetes. There is no reason to suspect that subjects from the general population would respond differently to oral insulin, but this was not specifically tested. It is important to point out that the choice of a 7.5 mg dose was somewhat arbitrary and it is conceivable that different doses of oral insulin may have different effects on IAA levels.
In conclusion, analysis of IAA levels in the DPT-1 oral insulin study suggests that IAA levels in subjects positive for IAA at the initiation of oral insulin at 7.5 mg daily do not show an increase compared with those of placebo-treated. The effect of oral insulin on the immune system may be masked by the presence of IAA at onset of therapy, or there may not be a significant effect on the immune system when administered at this dose. Further evaluations including T cell assays will be important in characterising the immune response to oral insulin in future prevention trials.
